LHCb has collected the world's largest sample of charmed hadrons. This sample is used to search for direct and indirect CP violation in charm and to measure D 0 mixing parameters. Preliminary measurements from several decay modes are presented, with complementary time-dependent and time-integrated analyses.
Introduction
The neutral and charged charm meson sector is interesting for the study of Charge Parity (CP) violation in the Standard Model (SM) due to the presence of the c quark. There are three types of CP violation which can be studied. When the magnitude of the amplitude for the decay of a D meson into a certain final state f , |A f | = | f |H|D |, does not equal the magnitude of the amplitude for the CP conjugate decay, |A f | = | f |H|D |, there is direct CP violation. This can occur in both charged and uncharged D meson decays. For neutral mesons, the misalignment of mass and flavor eigenstates causes spontaneous transitions between particle (D 0 ) and antiparticle (D 0 ), and vice versa. This transition is known as flavor oscillation, or mixing. CP violation in mixing is then the asymmetry between oscillation from particle to antiparticle or vice versa, and finally there can be CP violation in the interference between mixing and decay. These proceedings report in summary the search for mixing in the neutral D meson system, and searches for time integrated CP asymmetries in the decays
− using 1 fb −1 of data collected with the LHCb detector in 2011.
Review of Theory
It is customary to write the mass eigenstates in terms of the flavor eigenstates as |D 1,2 = p|D 0 ± q|D 0 , and to characterize the mixing by the dimensionless parameters x = (m 2 − m 1 )/Γ and y = (Γ 2 − Γ 1 )/(2Γ), where p and q are complex numbers, m 1,2 and Γ 1,2 are the mass and decay width eigenvalues, and Γ is the average width. If mixing did not occur, then x = y = 0. In this formalism, CP violation in pure mixing occurs when |q/p| = 1. Finally, CP violation in the interference between mixing and decay depends on the quantity λ f ≡
Measurements in this system are interesting for a variety of reasons. First, the D 0 represents the only up-type quark system which undergoes mixing. In the Standard Model, short range interactions are dominated by GIM-and CKM-suppressed loop diagrams, and non-perturbative long range interactions may dominate these effects, making the theoretical calculations challenging. Standard model expectation is for x and y to be as large as O(10 −2 ) [1, 2] . In the case of direct CP violation, Standard Model predictions give CP asymmetries of O(10 −3 ) and depends on final state. Indirect CP violation, specifically in mixing, is expected at O[|(V cb V ub )/(V cs V us )|] ∼ 10 −3 . Any departure from this could point to new physics [1] [2] [3] [4] [5] . dates selected by this trigger algorithm are considered.
The D 0 daughter particles are both required to have p T > 800 MeV=c, p > 5 GeV=c, and 2 ðIPÞ > 9. The 2 ðIPÞ is defined as the difference between the 2 of the PV reconstructed with and without the considered particle, and is a measure of consistency with the hypothesis that the particle originates from the PV. Selected D 0 candidates are required to have p T > 3:5 GeV=c and are combined with a track with p T > 300 MeV=c and p > 1:5 GeV=c to form a D Ãþ candidate. Contamination from D mesons originating from b-hadron decays (secondary D) is reduced by requiring the 2 ðIPÞ of the D 0 and of þ s candidates to be smaller than 9 and 25, respectively. In addition, the ring imaging Cherenkov system is used to distinguish between pions and kaons and to suppress the contamination from misidentified two-body charm decays in the sample. Backgrounds from misidentified singly Cabibbo-suppressed decays are specifically removed by requiring the D 0 candidate mass reconstructed under the K þ K À and þ À hypotheses to differ by more than 40 MeV=c 2 from the known D 0 mass [19] . Contamination from electrons to the soft pion sample is also suppressed using particle identification information. Finally, it is required that the D 0 and the þ s form a vertex, selected RS and WS candidates. Overlaid is the result of a binned 2 fit used to separate the D Ãþ signal component, with a mass resolution of about 0:3 MeV=c 2 , from the background component, which is dominated by associations of real D 0 decays and random pions. The signal mass shape is modeled as the sum of one Johnson S U [21] and three Gaussian distributions, which account for the asymmetric tails and the central core of the distribution, respectively. The background is described by an empirical function of the form ½MðD 0 
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dates selected by this trigger algorithm are considered.
The D 0 daughter particles are both required to have p T > 800 MeV=c, p > 5 GeV=c, and 2 ðIPÞ > 9. The 2 ðIPÞ is defined as the difference between the 2 of the PV reconstructed with and without the considered particle, and is a measure of consistency with the hypothesis that the particle originates from the PV. To a very good approximation, direct CPV can be ignored. RS decays are Cabibbo-favored (CF) and the decay rate approaches an exponential. WS decays, however, can either proceed via direct Doubly-Cabibbo-suppressed (DCS) decay, or first mix into a D 0 , then undergo a CF decay. Expanding in small x and y, the ratio of decay rates then becomes
where x and y are x and y rotated by the strong phase difference between CF and DCS decays,
and R D is the ratio of DCS to CF decay rates. If there were no mixing, then x = y = 0, and R(t) would be constant. By measuring this ratio as a function of time, it is possible to extract the mixing parameters R D , x 2 , and y . Figure 2a shows the reconstructed distribution, which disfavors the no-mixing hypothesis. The analysis procedure is defined prior to fitting the data for the mixing parameters. Measurements on pseudoexperiments that mimic the experimental conditions of the data, and where D 0 À " D 0 oscillations are simulated, indicate that the fit procedure is stable and free of any bias.
The fit to the decay-time evolution of the WS/RS ratio is shown in Fig. 2 (solid line), with the values and uncertainties of the parameters R D , y 0 and x 02 listed in Table I . The value of x 02 is found to be negative but consistent with zero. As the dominant systematic uncertainties are treated within the fit procedure (all other systematic effects are negligible), the quoted errors account for systematic as well as statistical uncertainties. When the systematic biases are not included in the fit, the estimated uncertainties on R D , y 0 , and x 02 become, respectively 6%, 10%, and 11% smaller, showing that the quoted uncertainties are dominated by their statistical component. To evaluate the significance of this mixing result, we determine the change in the fit 2 when the data are described under the assumption of the no-mixing hypothesis (dashed line in Fig. 2 ). Under the assumption that the 2 difference, Á 2 , follows a 2 distribution for two degrees of freedom, Á 2 ¼ 88:6 corresponds to a p-value of 5:7 Â 10 À20 , which excludes the no-mixing hypothesis at 9.1 standard deviations. This is illustrated in Fig. 3 where the 1, 3, and 5 confidence regions for x 02 and y 0 are shown. As additional cross-checks, we perform the measurement in statistically independent subsamples of the data, selected according to different data-taking periods, and find compatible results. We also use alternative decaytime binning schemes, selection criteria or fit methods to separate signal and background, and find no significant variations in the estimated parameters. Finally, to assess the impact of events where more than one candidate is reconstructed, we repeat the time-dependent fit on data after randomly removing the additional candidates and selecting only one per event; the change in the measured value of R D , y 0 , and x 02 is 2%, 6%, and 7% of their uncertainty, respectively.
In conclusion, we measure the decay time dependence of the ratio between D 0 ! K þ À and D 0 ! K À þ decays using 1:0 fb À1 of data and exclude the no-mixing hypothesis at 9.1 standard deviations. This is the first observation of We express our gratitude to our colleagues in the CERN accelerator departments for the excellent performance of the LHC. We thank the technical and administrative staff at the LHCb institutes. We acknowledge support from CERN and from the national agencies: CAPES, CNPq, FAPERJ, 
with the projection of the mixing allowed (solid line) and no-mixing (dashed line) fits overlaid. PRL 
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101802-4 (a) and systematic sources; ndf indicates the number of degrees of freedom. estimated uncertainties on R D , y ⇥ and x ⇥2 become respectively 6%, 10% and 11% smaller, showing that the quoted uncertainties are dominated by their statistical component. To evaluate the significance of this mixing result we determine the change in the fit ⇥ 2 when the data are described under the assumption of the no-mixing hypothesis (dashed line in Fig. 2 ). Under the assumption that the ⇥ 2 di⇥erence, ⇥ 2 , follows a ⇥ 2 distribution for two degrees of freedom, ⇥ 2 = 88.6 corresponds to a p-value of 5.7 ⇥ 10 20 , which excludes the no-mixing hypothesis at 9.1 standard deviations. This is illustrated in Fig. 3 where the 1 , 3 and 5 confidence regions for x ⇥2 and y ⇥ are shown. As additional cross-checks, we perform the measurement in statistically independent sub-samples of the data, selected according to di⇥erent data-taking periods, and find compatible results. We also use alternative decay-time binning schemes or alternative fit methods to separate signal and background, and find no significant variations in the 
. There can only be direct CP violation in charged mesons, and could arise from the interference between tree-level and penguin amplitudes. In order to measure the CP violation, two CP asymmetries can be written:
The raw asymmetries above,
, are taken from data, and 
Determination of the yields and asymmetries
For the measurement of A CP , the signal yields are measured in 12 bins of transverse momentum p T and pseudorapidity ⌘, using binned likelihood fits to the distributions of the invariant masses m, where m is either m ⇡ + or m K 0 S ⇡ + . The values of A CP in each bin are calculated and a weighted average over the bins is performed to obtain the final result. This procedure is adopted because the distributions of the two decays in p T and ⌘ di↵er slightly, as shown in Fig. 4 , and the D ± production asymmetry may also vary over this range [11] . The p T ⌘ binning therefore reduces a potential source of systematic bias. distributions. In each case, the points represent the data, the solid blue line is the total fit model, dashed red are the signal components, solid green is the combinatorial background, and dashed green represents misreconstructed decays. from a fit to the φπ ± and K 0 S π ± invariant mass distributions, shown in Figure 3 . The final asymmetries are given by
Both results are consistent with CP conservation. It is possible, however, that due to the variation of the strong phase across the Dalitz plot, all CP violation could be cancelled out. This variation is illustrated in Figure 4a . In order to account for this variation, a new observable,
is defined, where A X CP defines the CP asymmetry in region X of the Dalitz plot, as assigned in Figure 4 . This observable is sensitive to CP asymmetries which would be cancelled in A CP . The distribution of events across the Dalitz plot is shown in Figure 4b , and the result is 
is performed using the D + s ! ⇡ + decay as a control channel. This decay is also Cabibbosuppressed, with similar contributions from loop amplitudes as the D + ! ⇡ + decay, but the number of signal candidates is substantially lower. This is partly due to the lower D 
with the peak position defined by the free parameter µ, the width by , and the tails by ↵ L and ↵ R . The parameter ↵ L is used for m < µ and ↵ R for m > µ. In the ⇡ + final state, Crystal Ball functions [25] are added to the Cruij↵ functions to account for the tails of the mass peaks. The signal lineshapes are tested on simulated data and found to describe the data well. The background is fitted with a straight line and an additional Gaussian component centred at low mass to account for partially reconstructed D 
CP Violation in
The final analysis presented is a model-independent search for CP violation in the decay of
. In these decays, CP violation could manifest itself in the interference between tree-level and penguin amplitudes. The search for CP violation is performed over the entire 4-body phase space of each decay. To fully describe this phase-space, five invariant mass combinations are needed. As an example, one combination which could describe the entire decay is
where 1-4 are the decay products and s is the invariant mass squared of the combinations of particles given. In this analysis, identical particles are assigned randomly. The channel 
. Points represent the data, the solid black line is the fit, and the shaded areas represent the background contributions. The corresponding signal yields are 330, 000
The significance is then calculated in equally populated bins of 5D phase space as
where
uncertainty, and the factor α =
, corrects for any global production asymmetries between D * + and D * − . When summed over all bins i, the significance approaches a χ 2 distribution with N bins − 1 degrees of freedom, from which a p-value can be calculated. In the case of CP conservation, the distribution of S i CP is Gaussian. The final results are given in Figure 6 and summarized in Table 1 . The raw CP asymmetry, A raw distributions are shown for comparison to S CP and do not indicate a CP asymmetry. Results are consistent with CP conservation in 
